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M~ajor Effect or (fie Lenviiig (roump i Dilalkylbormi Chlorides nrid Trifiles lit

(:iiilioltlhig the Stereospecific Coniversiont of Ketonies hito Either Ill- or IZI-

F-Mol IBorlnates

I lei hert C. flrowi,* Rnj K. I-hnr, Rnnum K. iHakshi, I'rmul K. Pandinrajimt ind llnkilin Singntrnin

HI. V. Browvn and R. 1). ll/feilliI Laboratories of Chemistry

Purtdue Unai'ersi:y, W est Lafayette, Imdiama 47907 U.S.A.

.. Fhe ready synthesis and ease of Iimidhng of dialkythoron chlorides, 1213CL, conrned to)

,IirhuIes, RN20I'f, give the chlorides n signific-mnt advantage as reagents to achieve the conversion

of ketones into enol horinnies, regiospecificnly aid jlumilitatively. This rnade possible the first

sttdy of [lie effect or changes in thie leaving group on the ratios of [EI-:IZi-enol borinates

jtlodhced. Indeed, n systematic study of the effect or thiesteric requirement of (lie R group (R = 9-

I~fN v CX 2) tOe amn E~V3 i-MrEtN), mtid the leaving group (CLvs 011), with two

representative ketonies, propiophenone mnd dietityl ketone, revealed a controlled shift ftrm

lireferetitial formation or die IzI-enot borinates to tie 1IJ-enol borinates. The technique wAs

applied to ollier representative ketones aind selective conversion to both JEJ-enot borlateF

99%) mid IZI-enol boritiates (97-99%) has been nchieved.

1Pmiol borinates are valuable ielmediates in organic synthessLX' number of published

iiicthods have beeni described for their genetat ion (eqls I aind 2).4fk

L313 + N2CIICOR - 0- IlUCll=C(
01313112o

B311313 + Ch12=CIICOCII 3  B" ItCIICI=! (2)

i.,isiIjbtdity CodesL AVdII aiidlo1r
ovDist sweill

-JA 0
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The introduction of dialkylboron triflates, R2 BOTf, by Mukalyamia greatly facilitated tile

conversion of ketones directly into the corresponding enol borinates for subsequent conversion

into tile corresponding aldols (eq 3).51

0 0131 2  Oil1
R " R11UT RRCIIO "A (3)

Fenzl and K~5ster demonstrated that boroni enolate additions are highly stereoselective with the IZI-

and [Ij-ellolates giving syn and anti aldols respectively. 6 Later Masamnune and Evans used an

R2 l3O'f with larger steric requirements, dicyclopentylboron triflate (Cpn2 BO'rf) and achieved ain

appreciable chlange in tile LZJ- to IEJ- ratio of the enol borinate produced from cyclohexyl ethyl

ketone. 1 ,2 Evans subsequently increased the steric requiremntts of the alkyl group utilizing

thlexylcyclopentylboron triflate (ThxCpnBO'lf), but did not test its effect upon comparable

ketones.2 b Evans and Masamune also examined the effect varying tile steric requirements of tile

amine, but achieved only mninor variations in the fZJ- to (EJ-enolate product from diethyl ketone.

I lowever, Evans and Masarnune succeeded in obtaining highly pure t~J-enol borinates (giving ani

aldol) from thioesters, 1.2 but the synthesis of either pure or predominant I EJ-enolates from ketones

has remained an unrealized goal.

Thlus changes in the steric requiremenlts of both tile amnine and of thie alkyl groups on boron

have been examined, but no attention has been given to the effect of tile leaving group.

We wish to report that the dialkylboron chlorides itt the presence of tertiary amines rapidly

and quantitatively convert ketones into thle corresponding etiol borinates. Moreover, tl~e R2BCI

reagenlts greatly influence the stereochemnistry of the enol borinate formned, making it possible to

produce preferentially either IZJ- or I EI-etlol borinate, leading to the corresponding syn or anti

aldols (eq 4).
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OB3C"x2 1

Clx 2BCl © 1) lhCIIO o Ph

0 E13N 2) "I202 0
>99% IEJ 95% ani (4)

03Chx 2  0 OI

I) PICIIO Ph
13-CI-9-BBN 0 -12 0hj- Pr2EtN 0 2)11202

>99% 1 Z 98% syn

Botlh B-cliloro-9-borabicyclol3.3.l1inonane, B-CI-9-BBN, and dicycloliexylchloroborane,

('hx 2 3C:I, are readily synthesized. 7 They react readily with ketones in the presence of either Et 3N

or i-Pr2EIN. The reaction is essentially complete in minutes at 0OC, as indicated by rapid

formation and precipitation of the amine hydrochloride, along with regiospecific quantitative

formiation of enol borinate.

We undertook to make a detailed comparison of the stereochemistry of enolization by

triflates and chlorides. The preparation of B-0-Tf-9-BBN was carried out as reported in the

literature5b and the new reagent, Chx2BOTf, was prepared as a crystalline solid, mp 880)C.

We adopted diethyl ketone and propiophenone (both previously studied in detail),1,2 as

model ketones, B-X-9-BBN and Chx2BX (X - OTf and Cl) for the boron reagents, and Et3N and

i-Pr2EtN for the amines, to examine the effect of these factors on the stereochemistry of

enolization. 17he enolization was carried out at LY)C and the aldol reaction was carried out at

-780C. 8 The data are summarized in Table 1. We found it possible to use PMR to determine

directly the [ZI/IEI ratio of enol borinate formed from propiophienone and phenyl benzyl ketone.

We were pleasantly surprised to find dicyclohexylboron chloride gave exclusively the IEJ-enol

borinnie from propiophenone. Moreover, the synlani ratio of aldols obtained from these two enol

borinates corresponds closely to the ZI/IEJ ratio of the enol borinates formed in the enolization

singe as determined by the PMR analysis of the products. In addition, the conversion of a number

of cyclic ketones to pure [EJ-enol borinates, required by their cyclic structures, provided aldols
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which analyzed predominantly or exclusively for the anti aldol products: cyclopentanone, -1X)%;

cyclihexanone, 98%; cycloheptanone, 97%; cyclooctanone, -10O!%. Previous workers in this

area have also relied on this method to establish the IZJ/IEJ ratio of their enol borinates. 1.2

Consequently, with tie additional data now available, it appears safe to conclude that under our

conditions, the [Z]/jE] ratio of the enol borinate formed in the enolization can be safely deduced

fiorm the syn to anti ratio of the aldol products for cases where the [ZJ/[EJ ratio cannot be measured

directly.9

Otir experimental data for the enolization of propioplhenone and diethyl ketone by two

different R213 groups, Chx2 B- and 9-B3N, two different leaving groups, Cl and OTf, and two

different amines, Et3N and i-Pr2EN, are summarized in Table 1. It is seen that the stereochemical

outcome of the reaction varies not only with the steric requirements of R2 B and the steric

requirements of the amine, 1.2 but also with the nature of the leaving group, Cl or O1.

The effect of varying the amine and the alkyl groups on boron are considerably more

significant in the case of R2BCI than in the case of R2BOTf. It is observed that triflates lead to s.yn

aldol ([ZJ-enol borinate) predominantly, irrespective of the amine used or the steric requirements

of the alkyl groups on the boron reagent. On the other hand, Chx 2BCI and Et3N provide the anti

aldol (Ej-enol borinate) preferentially. Encouraged by these results, the R2BCI reagents were

applied to several other representative ketones. The results established that the synthesis of either

IZI- or I EJ-enol borinate can be achieved with high stereochemical purity (-80-90%) by proper

choice of reagent and amine (Table 11) (eq 5).
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OBClhx 2

Chx 2BC I b
Et 3N R

0 -80-99%
. (5)

ROBD

B--CI-9-BBN
i- Pr2EtN R

-96-99%

This appears to be the first successful conversion of ketones into enol borinates that are

largely or entirely the [El-isomer. This discovery, combined with the fact that the dialkylboron

chlorides are readily synthesized and are very stable, makes the methodology here described a

valuable procedure for applying the aldol reaction to synthesis. The preferred formation of the

(El -enolate over the [ZJ- is favored by the following: a) use of R2 3CI instead of R2 13OTf; b) use

of Et 3N instead of i-Pr2EtN; c) use of Chx2B (larger steric requirements) instead of 9-1313N

(smaller steric requirements).

The R2 BOTf reagents achieve the conversion of representative ketones into pure [Z-enol

borinates (leading to the syn aldol). However, the R2 BCI reagents now make possible the

conversion of representative ketones into either the essentially pure [ZJ-enol borinates or the

essentially pure or predominant IEJ-enol borinates, the latter being a transformation not previously

available.
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Table 1. Enolization of Propiophenone and Diethyl Ketone with R2BX and Aminesa

reagent amine propiophenone diethyl ketone

R2BX R3N Z:Ec syn:antid syntanid

B-CI-9-BBN Et 3N 52:48 60:40 >99:1

65:351)

i-Pr2 ItN >99:1 95:5 >99:1

B-OIT-9-BBN Et 3N >99:1 93:7 >99:1

i-Pr2EIN >99:1 95:5 >99:1

Chx 2 BCI Et 3N <1:99 5:95 21:79

i-Pr2EtN 51:49 72:28

Chx 2 BOTf Et 3N 67:33 80:20

i-Pr2 EtN >99:1 98:2 93:7

OEnolization at OOC, except where otherwise noted. bEnolization at 250C. CDirect measurement

of Z:E ratios of enol borinates by PMR. dMensurement of the diastereoselection achieved in the

benzaldehyde aldol product.



Table 11. Stereoselective Enolization or Representative Ketones with R213C! and Anines

ketone B-CI-9-13BNa Chx 2 B3CIb  yield of IF-isomer, % ref.

Z:E Z:E present c li(eratured

propiophenone >99:1 < 1:99 >99 3 2b

plienyl benzyl ketone >99:1 15:85 85

isopropyl ethyl ketone 65:35 < 1:99 >99 81 2b

(98):(2)e

cyclohexyl ethyl 60:40 < 1:99 >99 86 I a

ketone (96):(4)e

diethyl ketone >99:1 21:79 79 31 2b

l"Fnolization carried out at 250C using i-Pr2 EtN. bEnolization carried out at OOC using ItN.

rl lighest conversion to [EJ-enolate achieved with Chx 2BCl. dilighest conversion to [EI-enolite

achieved for triflates. eEIZ ratio obtained after equilibration at 250 C of the corresponding enol

Ibrinate. For the first two ketones, direct measurement of the ZIE ratio of enol borinates by PMR;

for the other ketones, indirect measurement of Z/E ratio based upon analysis of the benzaldehyde

1dol product.


